A number of flavonoid 3',4'-disulfates were synthesized from the corresponding 4'-sulfate esters, using sulfur trioxide-trimethylamine complex. Desulfation of the sulfate esters using aryl sulfatase demonstrated that the rate of hydrolysis of the 3'-sulfate group was slower than either the 7-or 4' groups, thus allowing the specific synthesis of flavonol 3,3'-disulfates. The effects of ori/io-disulfation on the L1 C NMR spectra of flavonoids, and the regative FAB-MS spectra of diand trisulfated flavonoids are discussed.
Introduction
. The first published method of organic synthesis of sulfated flavonoids made use of sulfamic acid in boiling pyridine [34] , Using this procedure, sulfation of quercetin gave primarily the 3'-monosulfate ester, and very little of the disulfated products [35] . In contrast, sulfation of quercetin using the dicyclohexylcarbodiimide (DCC) plus tetrabutylammonium hydrogen sulfate (TBAHS) method provided good access to the 3,7,4'-trisulfate ester [32] . The latter method, however, yielded only trace amounts of the 3,7,3',4'-tetrasulfate ester (1), the naturally occurring conjugate of highest sulfation 
Synthesis of quercetin 3,3'-disulfate (11) and luteolin 3'-sulfate (12)
The same procedure as for the synthesis of 9 and 10 was used, except that double the amount of aryl sulfatase was added to the hydrolysis medium. (Table I) , l H NMR (Table II) , UV spectroscopic (Table III) and negative FAB-MS (Table IV) Table I . 13 C NMR data for the synthesized flavonoid sulfates (100.1 MHz, DMSO-d6, ôppm/TMS). techniques [24, 26, 32] . Calculation of the carbon sulfation shifts for quercetin 3,7,3',4'-tetrasulfate 1 indicated that individual effects of 3'-and 4'-sulfation [26] were not cumulative in the case of 3',4'-ori/zo-disulfated compounds (Table V) . In fact, while the upfield shifts undergone by the carbons carrying the sulfate groups (i.e. C-3' and C-4') tend to be higher than expected, the downfield shifts of carbons ortho (C-2' and C-5') and para (C-l' and C-6') to those bearing the sulfates were less pronounced (Table V) . Similar or/fto-disulfation shifts were observed in the case of luteolin 7,3',4'-trisulfate (6) ( Table V) 
Results and Discussion
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a In DMSO-d6, calculated according to references 24, 26 and 32. Q, quercetin; L, luteolin.
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